The bandwidth of conventional marine streamer seismic data (i.e., that collected with a streamer comprising hydrophones only) is generally limited at both high and low frequencies by the presence of both source and receiver ghost notches. Recently, a method was introduced that uses non-linear optimization to derive a stable operator which, when applied to conventional marine streamer seismic data, recovers much of the signal present in the recorded data that is weakened by the presence of the ghosts at the notch frequencies. In this paper, we present a case study of the use of such a method to derive a broadband image from conventionally acquired data from offshore West Africa.
Introduction
Seismic data is typically recorded over a bandwidth of 2-250Hz which, in the time domain, is represented by a wavelet of finite width with side lobes. However, this underlying wavelet is distorted by two major factors: the ghosts and absorption (Q).
Although ocean bottom cable (OBC) data has routinely been processed with an attempt to deconvolve the receiver ghost notches, conventional marine streamer data has not. Over the years, developments in acquisition technology have attempted to address the notch issues, with techniques such as under-over shooting and recording both the velocity and pressure fields in the cable, but more recently methods have been introduced that attempt to compensate for the ghost notch effects via processing solutions of data acquired with conventional marine streamers.
Here we present one such technique to address this issue, as applied as a test to data acquired in 2011 from an offshore field operated by Total in the Gulf of Guinea. We demonstrate a processing solution to deghosting and amplitude Q compensation to recover a broad-band spectrum.
Source and receiver ghosts
Upward propagating seismic energy is reflected by the sea surface with a reflection coefficient of almost -1. Subsequent interference of the up and down going waves produces notches at certain frequencies in the power spectrum of the data recorded at a given depth.
There have been many attempts at solving this problem (Posthumus 1993 , Robertsson 2002 Carlson 2007 , Soubaras 2010 ), but hitherto a purely data processing deconvolutional approach (Baan, 2008 , Zhang, 2011 has not proven to be universally satisfactory.
The methodology employed here (Zhou 2012) combines the strengths of previously described de-ghosting approaches, and data-adaptively derives a stable operator to remove the effects of the source and receiver ghosts from the data prior to migration. As such, it strives to recover the signal weakened by the ghosts, rather than "creating" new signal, and relies on the presence of usable signal at and near the ghost frequencies in the raw data (Williams 2012) .
Absorption
One of the consequences of broadband data is that absorption (Q) becomes the dominating influence on the shape of the spectrum which, in order to get back to the idealised seismic wavelet, should be compensated for.
As a P-wave travels through rock, its amplitude decays due to effective Q as a function of frequency and travel time. For a given distance travelled through rock, higher frequencies will have had more cycles than lower frequencies so will be more attenuated (e.g. Futterman 1962 ). This gives the appearance that high frequencies are "lost" in deep seismic records, especially below highly attenuating media. Deghosted broadband data will have a flat amplitude spectrum prior to attenuation (such a spectrum may be observed for the water bottom reflection, for example) but with absorption and scattering the spectrum becomes dominated by the lowest frequencies.
In conventional flat streamer recording with ghost notches, the frequencies are dominated by the ghost spectrum with a peak at ½ the notch frequency. The ghosts distort the spectrum to such an extent that the dominant frequencies remain those around this peak.
The geological objectives
The technique introduced by Zhou (2012) -Obtain a high resolution and broadband image in the Northern part of the offshore field area (better definition of reservoir extension and minor faults), attempting to preserve frequency content up to 90Hz at reservoir level.
-Verify if seismic amplitudes are well preserved after this broad-band processing.
Results
The gun and streamer towing depths were 5.5m and 6.5m respectively. This acquisition configuration resulted in source and receiver ghost interference seen as broadened and deepened notches in data amplitude spectra. The data were processed at 2ms in order to recover frequencies in the notches. Moreover 2ms sampling allowed us to obtain a high frequency multiple model from 3D SRME predictions.
The broad-bandwidth deghosting operator was derived and applied after 3D SRME. Figure 1 shows a section of filter panels after the broad-bandwidth processing. It can be seen that good signal is present across a bandwidth of around 2-120 Hz. Figures 2(a) and (b) show a full pre-stack time migration stack with and without broad-bandwidth processing. Note the high and low frequencies in the shallow. In the deep, absorption means the low frequencies dominate after broad-bandwidth processing, however, with application of amplitude Q compensation (Q of 200 at 40Hz reference frequency), the higher frequencies are recovered, balancing the spectrum and sharpening events (Figure 2c) . The recovered components of the data are seen in the difference image in Figure 2d . Spectra before and after the broad-band processing are shown in Figure 3 .
Final results, after full pre-stack time migration and amplitude-only Q compensation are shown in Figure 4 , and a corresponding enlargement with a VSP corridor stack are shown in Figure 5 , demonstrating the veracity of the recovered components of the bandwidth of the data.
